INTRODUCTION
Rising number of electrical devices increases the level of magnetic field at our homes. Electrical heaters may generate considerable part of it. The European recommendation for magnetic flux density reference level at 50 Hz is 100 µT for the general public [1] . Serbian national rulebook [2] established the reference level of 40 µT, which is 2.5 times lower than the European recommendation. There is ongoing discussion whether the magnetic flux density below the reference level causes any health effects. However, some epidemiological studies reported a possible association between prolonged exposures to magnetic field higher than typically found at homes, although well below the reference level. Findings reported in [3] are related to increased rates of childhood leukaemia. According to [3] , increased risk starts at level several hundred times lower than the reference level. Studies reported in [4] indicate that increased risk starts as low as 0.4 µT or even lower. According to [5] , [6] , the average level of magnetic flux density ranges from 0.025 μT to 0.07 μT at homes and typically is ten times higher at workplaces. In this paper magnetic flux density generated by an electrical radiant heating system (ERHS) is considered. Heating element of ERHS typically consists of electric cables built into the floor. Other ERHS may also include wall or ceiling mounted radiant panels, see Fig.  1 . The magnetic field of an ERHS depends on the current in the system, which may be up to 15 A, see e.g. [7] . The intensity of the current depends on the power of the ERHS, which is closely related to the size of heating area. Furthermore, the layout of the conductors varies with shape and size of the room. An ERHS can be realized as a single wire or a twin wire system. It is well known that the magnetic field produced by a twin wire ERHS is considerably lower than the magnetic field produced by a single wire ERHS. However, the single wire ERHS is popular due to its lower price. In what follows a single wire ERHS is considered. 
Figure 3. Magnetic flux density 30 cm above the conductors, I=1 A, obtained by (a) analytical calculations and (b) FEM

Magnetic flux density of the heating element
One of the types of heating elements for underfloor ERHS is realized with aluminium strip. In such type of the heating system, the aluminium strip is placed on the floor area and in a big loop returns to the connection point. In this section, we describe the procedure for the magnetic field calculation in vicinity of such type of the heating element. For others types of heating elements, which include the wall mounted or ceiling mounted heating elements, these procedure for magnetic field calculation is also applicable. In order to cover the floor, aluminium strips should be bended and folded usually according to some regular pattern. Typically, the layout of the strip repeats some basic motif on the floor. Therefore, the major part of the heating element can be described by repeating the same basic motif. In what follows, such basic motif is referred to as a unit cell.
Thus, in order to simplify the description of the heating element, the strip is divided into unit cells. Each unit cell consists of four parts numbered with 1, n  2, n  3 n  and 4, n  where
N denotes the number of the unit cells. As an example, two consecutive unit cells are presented in Fig. 4(a) . Furthermore, each part of the unit cell is modelled with max K line conductors carrying current max , I K
where I denotes the current in the strip. Model of two consecutive unit cells for max 5 K  is shown in Fig. 4(b) . Since each part of the unit cell is modelled with max K line conductors, it follows that each unit cell is modelled with max 4K line conductors.
Figure 4. Two unit cells of (a) aluminium strip and (b) model with K max = 5 line conductors
Parts numbered with 1 n  and 3 n  are horizontal parts starting from the left hand side and the right hand side, respectively. Parts numbered with 2 n  and 4 n  are vertical parts, which are placed on the right hand side and the left hand side, respectively. Moreover, the ( 2)nd n  part starts where the ( 1)st n  part ends, ( 3)rd n  part starts where the ( 2)nd n  part ends, and so forth. Let a denote the width of the aluminium strip and s the separation between the adjacent edges of horizontal parts of the strip. Here we provide the description of the coordinates of the starting and ending points of the line conductors used to model one unit cell. For ( 1) 
Furthermore, magnetic flux density of the heating element can be calculated by superposition of the magnetic flux densities generated by the straight line conductors. Thus, for max N unit cells containing four parts, where each part is modelled with max K line conductors, the magnetic flux density vector generated by the heating element at point ( , , )
x y z can be calculated as can be considered to be exact for the strip with uniform distribution of the current, it follows that the choice of max 3 K  provides sufficiently accurate calculation, which is considerably faster. Maximal magnetic flux density calculated for max 3 K  and max 52 K  is equal to 1.75μT, and 1.73μT, respectively. Moreover, from Fig. 5(a) and 5(b) it can be observed that the magnetic flux densities generated by the inner horizontal parts partially cancel each other. On the other hand, this is not the case with the magnetic flux density generated by the outer parts. Thus, at least in the first approximation, magnetic flux density generated by this type of the heating element can be estimated by calculating the magnetic flux density of the single loop which overlaps with the outer parts of the heating element.
MEASUREMENTS
The magnetic flux density of an ERHS sample, whose layout is shown in Fig. 6(a) , is measured along z -axis at three different heights (20 cm, 40 cm, and 60 cm) above the middle part of the sample, as illustrated in Fig. 6(b) . The ERHS sample is made of folded 5.5 cm wide aluminium strip, with separation of 2 cm between the adjacent edges. For themeasurements,EFA-300 field analyser (Fig. 6(c) ) is used. The magnetic flux density is measured at 50 Hz with isotropic magnetic field probe with 10 cm 2 cross-sectional area [7] . During the measurements, the rms value of the current in ERHS sample was 42 A.
Figure 6. (a) Photo of the ERHS sample,(b) layout of the sample and (c) EFA-300 with magnetic field probe
The results of the measurements (B meas ) and calculations (B calc ), based on the model described in the previous Section, are compared in Table I 
According to Table I , the measured and calculated results are in good agreement. These results provide another verification of the model proposed in this paper. The calculated values of the magnetic flux density distributions above the sample at tree planes parallel to the sample are presented in Fig. 7 . 
CONCLUSION
In this paper, we consider in detail the calculations of the magnetic flux density above ERHS heating elements realized with single aluminium strip. The procedure can be easily applied for calculation of the magnetic flux density of a single wire heating element as well. Method of calculations based on Bio-Savart law is verified with the results obtained by FEM and through the comparison with the results of measurements. Magnetic flux density generated by single wire ERHS heating element can be estimated, at least in the first approximation, by calculating the magnetic flux density of the single loop which overlaps with the outer parts of the heating element.
The magnetic flux density of ERHS is linearly proportional to the current in the system and depends on the layout of the conductors and distance from the system. We show that current in the heating element as low as 1 A generates up to1.7 μT, 0.35μT and 0.2μT at heights of 10 cm,30 cm and 50 cm above the conductors, respectively. Since the current in the heating element can be significantly higher than 1 A, it follows that magnetic flux density above the single wire ERHS heating element can significantly increase the level of magnetic field in comparison to the typical ambient level at homes (which is up to 0.2μT).
